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(57) ABSTRACT

A dniving assistance ECU that serves as a vehicle control
apparatus performs traveling control of a vehicle based on a
detection result of a radar apparatus that detects a target 1n

the periphery of an own vehicle. An angle calculating unit of
the dniving assistance ECU calculates an axial misalignment
angle that 1s a misalignment amount of an attachment angle
of the radar apparatus by statistically processing angle
misalignment information of the radar apparatus acquired at
a predetermined cycle. A control processing umt sets the
angle misalignment amount of the radar apparatus to a
predetermined 1nitial angle until a predetermined initial
period elapses after startup, and performs operation restric-
tion on traveling control based on the 1nitial angle. After the
initial angle elapses atfter startup, the operation restriction on
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VEHICLE CONTROL APPARATUS AND
VEHICLE CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s based on and claims the benefit
of priority from Japanese Patent Application No. 2015-

072916, filed on Mar. 31, 2013, the descriptions of which are
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a vehicle control appa-
ratus that performs traveling control of an own vehicle with
respect to a target ahead of the own vehicle that has been
detected by a target detection apparatus, and a vehicle
control method performed by the vehicle control apparatus.

BACKGROUND ART

Pre-crash safety (PCS) systems that reduce or prevent
collision damage between an obstacle (target) and an own
vehicle have been produced. The obstacle 1s another vehicle,
a pedestrian, a road structure, or the like present ahead of the
own vehicle that has been detected by a target detection
apparatus, such as an 1imaging apparatus or a radar appara-
tus. In PCS, a collision prediction time (time to collision
[ TTC]) 1s determined based on a relative distance between
the own vehicle and the obstacle, and a relative speed or a
relative acceleration. The collision prediction time 1s an
amount of time until a collision occurs between the own
vehicle and the obstacle. Based on the collision prediction
time, a driver of the own vehicle 1s notified of approach by
a warning apparatus of the own vehicle, or a braking
apparatus of the own vehicle 1s operated.

However, when axial misalignment 1n which an attach-
ment angle of the target detection apparatus becomes tilted
occurs, an obstacle that 1s not actually positioned ahead of
the own vehicle may be erroneously detected as being ahead
of the own vehicle. Safety apparatuses, such as the warning
apparatus and the braking apparatus, may be unnecessarily
operated. The axial misalignment of the target detection
apparatus may occur as a result of vibrations applied during
vehicle traveling, an occurrence of light impact on the own
vehicle, and the like.

Therefore, since the past, axial misalignment detection for
the target detection apparatus has been performed. For
example, when a radar apparatus 1s used as the target
detection apparatus, misalignment information of the attach-
ment angle of the radar apparatus 1s acquired from a move-
ment trajectory of a road-side object detected by the radar
apparatus. Then, as a result of a history of the misalignment
information being statistically processed, an axial misalign-
ment angle 1s calculated. The axial misalignment angle 1s the
misalignment angle of the attachment angle of the radar
apparatus. However, when the axial misalignment angle 1s
calculated by statistical processing, time 1s required until
determination accuracy regarding the axial misalignment
1IMproves.

Therefore, 1n PTL 1, 1 light of the fact that the axial
misalignment of the radar apparatus serving as the target
detection apparatus occurs as a result of light impact on the
own vehicle, a determination that axial misalignment may
have occurred 1s made when an acceleration sensor detects
deceleration of a predetermined value or more. Then, the
axial misalignment angle 1s calculated through use of a map
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that indicates a relationship between the deceleration
detected by the acceleration sensor and the axial misalign-
ment angle. As a result, axial misalignment caused by light
impact can be quickly detected 1n a traveling state of the own
vehicle.

CITATION LIST

Patent Literature

|PTL 1] JP-A-2007-290708

SUMMARY OF INVENTION

In PTL 1, described above, the occurrence of axial mis-
alignment may not be detected in cases in which axial
misalignment resulting from light impact or the like occurs
during a stopped state (a state 1n which 1gnition 1s off) of the
own vehicle. Therefore, there 1s room for improvement 1n
suppressing unnecessary assistance operations, while
improving detection accuracy regarding the axial misalign-
ment angle of the target detection apparatus.

The main object of the present disclosure 1s to provide a
vehicle control apparatus that 1s capable of suppressing
unnecessary assistance operations of an own vehicle with
respect to a target, and a vehicle control method.

A first aspect of the present disclosure i1s a vehicle control
apparatus (10) that 1s applied to a vehicle 1n which a target
detecting means (21) that detects a target 1n a periphery of
an own vehicle (50) 1s provided, and performs traveling
control of the vehicle based on a detection result of the target
detecting means. The vehicle control apparatus includes: an
acquiring means for acquiring, at a predetermined cycle,
angle misalignment information of the target detecting
means that 1s calculated based on a detection position of the
target by the target detecting means; an angle calculating
means that calculates an axial misalignment angle that 1s a
misalignment amount of an attachment angle of the target
detecting means, by statistically processing a history after
startup of the angle misalignment information acquired by
the acquiring means; a first control means for performing
operation restriction on traveling control based on a prede-
termined initial angle until a predetermined 1mitial period
clapses after the startup, the mnitial angle being set to the
misalignment amount of the attachment angle of the target
detecting means; and a second control means for performing
the operation restriction on traveling control based on the
axial misalignment angle calculated by the angle calculating
means after the elapse of the initial period after the startup.

According to the first aspect of the present disclosure,
until the elapse of the predetermined initial period after
startup, the operation restriction on traveling control can be
performed from the beginning of startup of the vehicle
control apparatus through use of the predetermined itial
angle. In addition, as a result of the initial angle being
provisionally set, unexpected unnecessary operations can be
suppressed 1n traveling control at the beginning of startup of
the vehicle control apparatus. Furthermore, after the nitial
period elapses after startup of the vehicle control apparatus,
the operation restriction on traveling control 1s performed
based on a calculation value of the axial misalignment angle.
Therefore, unnecessary operations can be suppressed 1n
traveling control based on the accuracy of the axial mis-

alignment angle at this time.

BRIEF DESCRIPTION OF DRAWINGS

The above-described object, other objects, characteristics,
and advantages of the present disclosure will clarified
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through the detailed description below, with reference to the
accompanying drawings. In the drawings:

FIG. 1 1s a configuration diagram showing a vehicle
control apparatus according to an embodiment:

FIG. 2 1s a diagram showing an arrangement ol an
imaging apparatus and a radar apparatus according to an
embodiment;

FIG. 3 1s an explanatory diagram showing the principle of
axial misalignment angle detection according to an embodi-
ment;

FIG. 4 1s a diagram showing a distribution of axial
misalignment amount according to an embodiment;

FIG. 5§ 1s a diagram showing a relationship between
detection period and accuracy regarding axial misalignment
according to an embodiment:

FIG. 6 1s an explanatory diagram showing the processing
steps for setting a control mode for driving assistance
according to an embodiment; and

FIG. 7 1s an explanatory diagram showing an execution
example of a process by a vehicle control apparatus accord-
ing to an embodiment.

DESCRIPTION OF EMBODIMENTS

Each embodiment will heremafter be described with
reference to the drawings. Sections that are identical or
equivalent to each other among the following embodiments
are given the same reference numbers in the drawings.
Descriptions of sections having the same reference numbers
are applicable therebetween

A vehicle control apparatus according to the present
embodiment 1s mounted 1 a vehicle (own vehicle). The
vehicle control apparatus functions as a PCS system that
detects an obstacle (referred to, hereafter, as a target) present
ahead of the own vehicle and performs control to prevent a
collision with the target or reduce collision damage.

In FIG. 1, a driving assistance electronic control umit
(ECU) 10 that 1s the vehicle control apparatus 1s a computer
that includes a central processing unit (CPU), a read-only
memory (ROM), a random access memory (RAM), an
input/output (I/O) interface, and the like (not shown). The
driving assistance ECU 10 actualizes each function as a
result of the CPU running programs installed in the ROM.
Therefore, the ROM corresponds to a storage medium
(non-transitory computer readable medium).

As sensor apparatuses that mput various types of detec-
tion information, a radar apparatus 21, an 1imaging apparatus
22, a vehicle speed sensor 23, a steering angle sensor 24, and
a yaw rate sensor 25 are connected to the driving assistance
ECU 10.

The radar apparatus 21 1s an apparatus that transmits
clectromagnetic waves as transmission waves, and detects a
target 1n the periphery of an own vehicle 50 by receiving
reflected waves of the electromagnetic waves. For example,
the radar apparatus 21 1s configured by a millimeter-wave
radar or a laser radar. As shown in FIG. 2, the radar
apparatus 21 1s attached to a front portion of the own vehicle
50 such that an optical axis X2 thereof faces ahead of the
vehicle. In addition, the radar apparatus 21 scans an arca 62
by radar signals. The area 62 spreads over a range of a
predetermined angle 02 ahead of the vehicle with the optical
axis X2 at the center. The radar apparatus 21 then generates
distance measurement data based on an amount of time from
the transmission of electromagnetic waves ahead of the
vehicle until the reception of reflected waves. The radar
apparatus 21 transmits the generated distance measurement
data to the driving assistance ECU 10. The distance mea-

10

15

20

25

30

35

40

45

50

55

60

65

4

surement data includes information related to an orientation
at which the target 1s present, a distance to the target, and a
relative speed.

The 1maging apparatus 22 1s an onboard camera. The
imaging apparatus 22 1s configured by a charge-coupled
device (CCD) camera, a complementary metal-oxide semi-
conductor (CMOS) 1image sensor, a near-infrared camera, or
the like. The 1maging apparatus 22 captures an image of a
peripheral environment including a traveling road of the
own vehicle 50. The imaging apparatus 22 generates 1image
data expressing the captured image and successively outputs
the 1image data to the driving assistance ECU 10. As shown
in FIG. 2, for example, the 1maging apparatus 22 according
to the present embodiment 1s set near an upper side of a front
windshield of the own vehicle 50. The imaging apparatus 22
captures an 1mage of an area 61 that spreads over a range of
a predetermined angle 01 (01>>02) ahead of the vehicle with
an 1maging axis X1 at the center. Then, the 1maging appa-
ratus 22 extracts feature points that indicate the presence of
a target 1n the captured image. Specifically, the 1maging
apparatus 22 extracts edge points based on luminance infor-
mation of the captured image, and performs a Hough trans-
form on the extracted edge points. For example, in the
Hough transform, a point on a straight line on which a
plurality of edge points are continuously arrayed, or a point
at which straight lines intersect 1s extracted as the feature
point. The imaging apparatus 22 may be a single-lens
camera or a stereo camera.

The vehicle speed sensor 23 1s provided 1n a rotation shaft
that transmits power to the wheels of the own vehicle. The
vehicle speed sensor 23 determines a speed of the own
vehicle 50 based on the number of rotations of the rotation
shaft. The steering angle sensor 24 detects, as a steering
angle, an angle by which a steering wheel of the own vehicle
50 1s rotatably operated. The yaw rate sensor 25 detects a
yaw rate that 1s actually generated in the own vehicle 50, that
1s, an angular velocity around the center of gravity of the
vehicle. For example, the yaw rate sensor 25 has an oscil-
lator such as a tuning fork, and detects the yaw rate of the
own vehicle 50 by detecting skew generated 1n the oscillator
based on a yaw moment of the own vehicle 50. The vehicle
speed sensor 23, the steering angle sensor 24, and the yaw
rate sensor 23 detect a traveling state (behavior) of the own
vehicle 50.

The own vehicle 50 includes a warning apparatus 41, a
brake apparatus 42, and a seatbelt apparatus 43 as safety
apparatuses that are driven based on control commands from
the driving assistance ECU 10.

The warning apparatus 41 1s a speaker or a display that 1s
set 1nside a cabin of the own vehicle 50. When the driving
assistance ECU 10 determines that the likelihood of a
collision with an obstacle has increased, the warning appa-
ratus 41 notifies a driver of the risk of collision by outputting
a warning sound, a warning message, or the like based on the
control command from the driving assistance ECU 10.

The brake apparatus 42 1s a braking apparatus that applies
brakes to the own vehicle 50. When the driving assistance
ECU 10 determines that the likelithood of a collision with an
obstacle has increased, the brake apparatus 41 operates
based on the control command from the driving assistance
ECU 10. Specifically, the brake apparatus 42 increases
braking force with respect to a brake operation by the driver
(brake assistance function), or performs automatic braking
when the driver does not perform a braking operation
(automatic brake function).

The seatbelt apparatus 43 1s a pretensioner that retracts a
seatbelt provided for each seat of the own vehicle 50. When
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the dnving assistance ECU 10 determines that the likelihood
of a collision with an obstacle has increased, the seatbelt
apparatus 43 performs a preparation operation for retraction
of the seatbelt based on the control command from the
driving assistance ECU 10. In addition, when the collision
cannot be avoided, the seatbelt apparatus 43 retracts the
seatbelt and eliminates slack, thereby fixing a passenger,
such as the driver, to the seat and protecting the passenger.

A target detecting unit 11 acquires first detection infor-
mation from the radar apparatus 21 and second detection
information from the imaging apparatus 22. Then, regarding
a first position that 1s a position obtained from the first
detection information and a second position that 1s a feature
point obtained from the second detection information, the
target detecting unit 11 associates the first position and the
second position that are positioned 1n proximity as being
based on the same target. When a second position 1s present
near the first position, the likelithood of a target actually
being present 1n the first position 1s high. A state in which the
position of a target i1s accurately acquired by the radar
apparatus 21 and the imaging apparatus 22 1s referred to as
a fusion state. Regarding a target that 1s determined to be 1n
the fusion state, whether or not the target 1s continuously in
the fusion state 1s determined with reference to a detection
history. Then, when the target 1s determined to continuously
be 1n the fusion state, the target 1s determined to be present
in that position. In addition, regarding the target that 1s 1n the
fusion state, should the target be in an undetected state, the
target 1s considered to be present 1n the previously-detected
position for a predetermined period, with reference to the
detection history.

Regarding the target that 1s determined to be 1n this fusion
state, pattern matching using a preliminarily prepared pat-
tern 1s performed with respect to the second detection
information. The target detecting unit 11 then functions as a
type determining means. The target detecting umt 11 deter-
mines whether the target 1s a vehicle or a pedestrian, and
associates the determination with the target as type. The
concept of a pedestrian may also include people on bicycles.

A traveling state calculating unit 12 determines the trav-
cling state of the own vehicle 50 from the detection results
of the vehicle speed sensor 23, the steering angle sensor 24,
and the yaw rate sensor 25. Specifically, the traveling state
calculating unit 12 calculates a movement amount 1n a
lateral direction, a movement amount 1n a front/rear direc-
tion, and a rotation angle per unit time of the own vehicle 50,
based on the vehicle speed, the yaw rate, and a vehicle
center-ol-gravity slip angle from the vehicle speed sensor
23, the steering angle sensor 24, and the yaw rate sensor 25.
Calculation methods for these parameters are known.
Detailed descriptions are omitted.

An angle calculating unit 30 calculates an axial misalign-
ment angle that 1s a misalignment amount of an attachment
angle (t1lt of the attachment angle) of the radar apparatus 21.
Here, the calculation principle of the axial misalignment
angle will be described. FIG. 3 1s a diagram showing an
aspect 1n which, during traveling of the own vehicle 50, a
stationary object such as a road-side object 1s relatively
moving with respect to the own vehicle 50. FIG. 3 illus-
trates, by (a), a state 1n which the radar apparatus 21 1s
correctly attached. An axis O (axis 1n the front/rear direc-
tion) of the own vehicle 50 and the optical axis X2 of the
radar apparatus 21 match. FIG. 3 illustrates, by (b), a state
in which axial misalignment has occurred in the radar
apparatus 21. Misalignment by an angle a 1s present
between the axis O of the own vehicle 50 and the optical axis

X2.
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In the case shown 1 FIG. 3 by (a), in a straight-ahead
traveling state of the own vehicle 50, a target corresponding
to a stationary object (referred to, herealiter, as a stationary
target F) 1s detected as directly approaching the own vehicle
50. Meanwhile, in the case shown in FIG. 3 by (b), the
stationary target F 1s erroneously detected as approaching
the own vehicle 50 while laterally moving (diagonally
moving) at the angle a.

The angle calculating unit 30 acquires axial misalignment
information (angle misalignment information) of the radar
apparatus 21 from a movement trajectory on which the
stationary target F relatively moves with respect to the own
vehicle 50. The acquired axial misalignment information 1s
collected 1n a storage unit such as the RAM of the driving
assistance ECU 10. The axial misalignment information
stored 1n the storage unit shows a distribution (dispersion,
standard dewviation) such as that shown i FIG. 4, due to
ellects of external noise and the like.

Here, the angle calculating unit 30 calculates the axial
misalignment angle by statistically processing the history of
the axial misalignment information. For example, an angle
corresponding to a center of gravity G in the distribution of
the axial misalignment information 1n FIG. 4 1s calculated as
the axial misalignment angle. As a result, the effect of
dispersion in the axial misalignment information can be
suppressed and calculation accuracy regarding the axial
misalignment angle of the radar apparatus 21 can be
improved.

However, when the axial misalignment angle 1s calculated
by statistical processing of the history of the axial misalign-
ment information, because the collection of axial misalign-
ment information 1s small immediately after startup of the
driving assistance ECU 10, the axial misalignment angle
may not be calculated or, even should the axial misalignment
angle be calculated, the accuracy thereof 1s low. For
example, 1n FIG. 5, the axial misalignment angle 1s in an
indeterminate state for a predetermined period (referred to,
hereafter, as an mitial period T1) after startup of the driving,
assistance ECU 10.

Therefore, until the imtial period T1 elapses after startup
of the driving assistance ECU 10, the angle calculating unit
30 sets the misalignment amount of the attachment angle of
the radar apparatus 21 to a predetermined angle (referred to,
hereafter, as an 1nitial angle). The nitial angle 1s predeter-
mined as an axial misalignment angle when axial misalign-
ment occurs during normal use of the own vehicle, rather
than that when a vehicle collision 1s premised. After the
clapse of the mitial period T1, the axial misalignment angle
calculated based on the history of the axial misalignment
information 1s outputted.

It can be determined whether or not the present time 1s
within the mitial period T1, based on an acquisition count of
the axial misalignment information after startup of the
driving assistance ECU 10. That 1s, a control processing unit
15 determines that the present time 1s within the initial
period T1 when the acquisition count of the axial misalign-
ment information 1s less than a predetermined first threshold
A. The control processing unit 15 determines that the present
time 1s within a period aiter the elapse of the mnitial period
T1 when the acquisition count of the axial misalignment
information 1s equal to or greater than the first threshold A.
For example, the first threshold A 1s set to nx1000 times
(n=1, 2, ...).

An axial misalignment correcting unit 31 corrects position
information of the optical axis X2 of the radar apparatus 21
based on the axial misalignment angle outputted from the
angle calculating unit 30. As a result, the axial misalignment
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correcting unit 31 corrects position information of the target
with respect to the own vehicle 50 recognized by the dniving
assistance ECU 10.

The angle that can be corrected by the axial misalignment
correcting unit 31 1s limited to a predetermined angle range
(such as an angle range corresponding to the area 61 that can
be 1imaged by the imaging apparatus 22). Therefore, when
axial misalignment that 1s equal to or greater than prescribed
occurs in the radar apparatus 21, a state in which the
calculation value of the axial misalignment angle of the
radar apparatus 21 i1s equal to or greater than prescribed
continues even when correction by the axial misalignment
correcting unit 31 1s repeated. Therefore, according to the
present embodiment, when the state 1n which the calculation
value of the axial misalignment angle of the radar apparatus
21 1s equal to or greater than prescribed continues even when
correction of the axial misalignment angle by the axial
misalignment correcting unit 31 1s repeated, collision avoid-
ance control by the driving assistance ECU 10 1s prohibited.
Details of the determination of whether or not the collision
avoidance control 1s permitted will be described hereatter.

A regulation value calculating unit 13 sets a detection area
for detecting a target ahead of the own vehicle 50. The
detection area 1s an area set ahead of the own vehicle 50 1n
the advancing direction. Whether or not the collision avoid-
ance control can be performed for the target included in the
detection area 1s determined.

An operation determining unit 14 determines whether or
not a target 1s present in the detection area set by the
regulation value calculating unit 13. That 1s, the operation
determining unit 14 identifies the target included in the
detection area based on the position information of the target
alter correction by the axial misalignment correcting unit 31.
Then, for the target included in the detection area, the
operation determining unit 14 calculates a collision predic-
tion time that 1s the time to collision between the own
vehicle 50 and the target. For example, the collision predic-
tion time 1s calculated based on the distance and between the
own vehicle 50 and the target, and the relative speed.

The control processing unit 15 compares the collision
prediction time calculated by the operation determining unit
14, and an operation timing individually set for each of the
warning apparatus 41, the brake apparatus 42, and the
seatbelt apparatus 43, which are the safety apparatuses.
Then, when the collision prediction time 1s less than the
operation timing ol a safety apparatus, the control process-
ing unit 135 transmits a command signal to the corresponding
salety apparatus. As a result, a safety apparatus among at
least any of the warning apparatus 41, the brake apparatus
42, and the seatbelt apparatus 43 1s operated, and the driver
1s notified of the risk of collision.

In addition, the control processing unit 15 controls per-
mission and prohibition, and restriction amounts of the
operation of each safety apparatus for collision avoidance,
based on the magnitude of the axial misalignment angle
recognized by the driving assistance ECU 10 and the deter-
mination accuracy regarding the axial misalignment. That 1s,
during the mitial period T1, permission and prohibition, and
restriction amounts of the operation of each safety apparatus
are restricted by the operation timing of each safety appa-
ratus being set based on the mitial angle (1n1tial mode). After
the elapse of the mnitial period T1, permission and prohibi-
tion, and restriction amounts of the operation of each safety
apparatus are restricted by the operation timing of each
safety apparatus being set based on the axial misalignment
angle after correction by the axial misalignment correcting
unit 31. Specifically, upon elapse of the mitial period T1,
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when the axial misalignment angle recognized by the driv-
ing assistance ECU 10 1s within a predetermined allowable
range (such as 0.5 deg), the operations of the safety appa-
ratuses are not restricted (normal mode). When the axial
misalignment angle upon elapse of the mnitial period T1 1s
not within the predetermined allowable range, the operations
of the safety apparatuses are restricted based on the axial
misalignment angle (restriction mode). In the restriction
mode, the extent to which the operations of the safety
apparatuses are restricted increases as the axial misalign-
ment angle ncreases.

After the elapse of the imitial period 11, the control mode
transitions between the normal mode and the restriction
mode based on the axial misalignment angle recognized by
the driving assistance ECU 10. That 1s, when the axial
misalignment angle becomes outside the allowable range 1n
the normal-mode state, the control mode transitions to the
restriction mode. Meanwhile, when the axial misalignment
angle becomes within the allowable range 1n the restriction-
mode (also referred to as a degenerate-mode) state, the
control mode transitions from the restriction mode to the
normal mode. In this way, after the elapse of the initial
pertod T1, calculation accuracy regarding the axial mis-
alignment angle can be improved. In addition, the effect of
suppressing unnecessary collision avoidance control based
on the axial misalignment angle recognized by the driving
assistance ECU 10 at this time can be improved.

In addition, 1n cases 1n which the calculation value of the
axial misalignment angle 1s outside the allowable range even
when correction of the axial misalignment angle by the axial
misalignment correcting unit 31 1s repeatedly performed, the
control processing unit 15 prohibits the collision avoidance
control. For example, when the axial misalignment angle 1s
outside the allowable range upon elapse of a predetermined
period (referred to, herealter, as a determination period T2)
clapses after startup of the driving assistance ECU 10, the
control processing unit 31 prohibits the collision avoidance
control. For example, the determination period T2 can be
determined based on the acquisition count of the axial
misalignment information after startup. For example, the
determination period T2 1s determined to be reached when
the acquisition count of the axial misalignment information
becomes a second threshold B. For example, the second
threshold B 1s set to nx10,000 times (n=1, 2,3 ... ).

Next, the collision avoidance control performed by the
driving assistance ECU 10 will be described with reference
to FIG. 6. Each process hereafter 1s repeatedly performed at
a predetermined cycle after startup of the driving assistance
ECU 10.

First, the driving assistance ECU 10 determines whether
or not the present time 1s before the elapse of the initial
period T1 (step S11). The present process produces an
aflirmative result when the acquisition count of the axial
misalignment information 1s less than the first threshold A.
When determined that the present time 1s the initial period
T1, the drniving assistance ECU 10 sets the control mode to
the 1mitial mode (step S12). In the mitial mode, operations of
the safety apparatuses with respect to the target are restricted
based on the 1mitial angle. When a negative determination 1s
made at step S11, the driving assistance ECU 10 determines
whether or not the present time 1s before the elapse of the
determination period T2 (step S13). The present process 1s
allirmative when the acquisition count of the axial misalign-
ment 1nformation 1s less than the second threshold B.

When determined that the present time 1s before the
clapse of the determination period 12, the driving assistance
ECU 10 determines whether or not the axial misalignment
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angle at this time 1s within the predetermined allowable
range (step S14). When atlirmative, the driving assistance
ECU 10 sets the control mode to the normal mode (step
S15). In the normal mode, the operations of the safety
apparatuses with respect to the target are not restricted.
When negative at step S14, that 1s, when the axial misalign-
ment angle 1s not within the allowable range, the driving
assistance ECU 10 sets the control mode to the restriction
mode. In the restriction mode, the operations of the safety
apparatuses with respect to the target are restricted based on
the axial misalignment angle. For example, the extent to
which the operations of the safety apparatuses with respect
to the target are restricted increases as the axial misalign-
ment angle increases.

When negative at step S13, that 1s, the present time 1s at
the point of elapse (after the elapse) of the determination
period T2, the driving assistance ECU 10 determines
whether or not the calculation value of the axial misalign-
ment angle 1s within the allowable range (step S17). When
allirmative at step S17, the dniving assistance ECU 10
determines that the operations of the safety apparatuses with
respect to the target are not restricted (step S18). When
negative at step S17, the driving assistance ECU 10 prohibits
the operations of the safety apparatuses with respect to the
target (step S19).

Next, execution examples of the processes in the collision
avoidance control according to the present embodiment will
be described with reference to FIG. 7. Hereafter, each of the
tollowing cases will be described: (1) when axial misalign-
ment does not occur 1n the radar apparatus 2 before or after
startup of the driving assistance ECU 10; (2) when axial
misalignment that can be corrected occurs 1n the radar
apparatus 21 before startup of the dniving assistance ECU
10; (3) when axial misalignment that cannot be corrected
occurs 1n the radar apparatus 21 before startup of the driving
assistance ECU 10, and (4) when axial misalignment that
cannot be corrected occurs 1n the radar apparatus 21 after
startup of the driving assistance ECU 10 (during traveling).

(1) When Axial Misalignment does not Occur 1n the Radar
Apparatus 2 Before or after Startup of the Driving Assis-
tance ECU 10

When the driving assistance ECU 10 1s started, the
collision avoidance control in an initial mode M1 1s started.
In the mitial mode M1, the operations of the safety appa-
ratuses with respect to the target 1s restricted based on the
initial angle. Subsequently, when the acquisition count of the
axial misalignment information becomes the first threshold
A, the calculation value of the axial misalignment angle 1s
determined to be within the allowable range. The collision
avoildance control 1n a normal mode M2 1s started. Subse-
quently when the acquisition count of the axial misalign-
ment information reaches the second threshold B, the col-
lision avoidance control 1s not restricted because the
calculation value of the axial misalignment angle 1s within
the allowable range.

(2) When Axial Misalignment that can be Corrected
Occurs 1n the Radar Apparatus 21 Belore Startup of the
Driving Assistance ECU 10

When the driving assistance ECU 10 1s started, the
collision avoidance control 1n the initial mode M1 1s started.
Subsequently, when the acquisition count of the axial mis-

alignment information becomes the first threshold A, a
transition to the collision avoidance control 1n a restriction
mode M3 1s made because the calculation value of the axial
misalignment angle 1s determined to be outside the allow-
able range. Subsequently, when the axial misalignment
angle of the radar apparatus 21 recognmized by the driving
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assistance ECU 10 becomes within the allowable range as a
result of correction of the axial misalignment angle, a
transition to the collision avoidance control in the normal
mode M2 1s made. Subsequently, when the acquisition count
of the axial misalignment information reaches the second
threshold B, the collision avoidance control 1s not restricted
because the calculation value of the axial misalignment
angle 1s within the allowable range.

(3) When Axial Misalignment that Cannot be Corrected
Occurs 1n the Radar Apparatus 21 Before Startup of the
Driving Assistance ECU 10

When the driving assistance ECU 10 1s started, the
collision avoidance control 1n the initial mode M1 1s started.
Subsequently, when the acquisition count of the axial mis-
alignment information becomes the first threshold A, a
transition to the collision avoidance control 1n the restriction
mode M3 1s made because the calculation value of the axial
misalignment angle 1s determined to be outside the allow-
able range. Subsequently, the axial misalignment angle 1s
corrected. However, because the state in which the axial
misalignment angle recognized by the driving assistance
ECU 10 1s outside the allowable range continues, the col-
lision avoidance control in the restriction mode M3 1s
maintained. Subsequently, when the acquisition count of the
axial misalignment information becomes the second thresh-
old B, the axial misalignment angle 1s determined to be
outside the allowable range and the collision avoidance
control 1s prolibited (M4).

(4) When Axial Misalignment that Cannot be Corrected
Occurs 1n the Radar Apparatus 21 after Startup of the
Driving Assistance ECU 10 (During Traveling)

When the driving assistance ECU 10 1s started, the
collision avoidance control 1n the 1nitial mode M1 1s started.
Subsequently, when the acquisition count of the axial mis-
alignment information becomes the first threshold A, a
transition to the collision avoidance control in the normal
mode M2 1s made because the calculation value of the axial
misalignment angle 1s determined to be within the allowable
range. Subsequently, when the radar apparatus 21 becomes
displaced 1n a horizontal direction as a result of light impact
on the own vehicle 50 occurring, the calculation value of the
axial misalignment angle 1s determined to be outside the
allowable range. A transition from the normal mode M2 to
the restriction mode M3 1s made. The collision avoidance
control in the restriction mode M3 1s performed. Subse-
quently, the state 1n which the axial misalignment angle 1s
outside the allowable range continues even when the axial
misalignment angle 1s corrected. Therefore, the collision
avoildance control 1n the restriction mode M3 1s continued.
When the acquisition count of the axial misalignment 1nfor-
mation becomes the second threshold B, the axial misalign-
ment angle 1s determined to be outside the allowable range
and the collision avoidance control 1s prohibited (M4).

Here, the radar apparatus 21 according to the present
embodiment corresponds to a target detecting means recited
in the claims. The angle calculating unit 30 according to the
present embodiment corresponds to an acquiring means and
an angle calculating means recited in the claims. The axial
misalignment correcting unit 31 according to the present
embodiment corresponds to a position mformation correct-
ing means recited 1n the claims. The control processing unit
15 according to the present embodiment corresponds to a
first control means and a second control means recited in the
claiams. In FIG. 6, the process at step S14 functionally
configures a first determining means and a second determin-
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ing means recited in the claims. In FIG. 6, the process at step
S17 functionally configures a third determining means
recited in the claims.

As a result of the description above, the following excel-
lent effects can be achieved.

In the configuration 1n which the axial misalignment angle
1s calculated by statistical processing of the history of the
axial misalignment information acquired after startup of the
driving assistance ECU 10, until the predetermined initial
period T1 elapses after startup, the axial misalignment angle
1s not known or, even when the axial misalignment angle 1s
known, the accuracy thereotf 1s low In this regard, through
use of the mitial angle set in advance, operation restrictions
on traveling control can be performed from the beginning of
startup of the driving assistance ECU 10. In addition, as a
result of the 1nitial angle being provisionally set, unexpected
unnecessary operations can be suppressed 1n traveling con-
trol at the beginning of startup of the driving assistance ECU
10. Furthermore, after the initial period T1 elapses after
startup of the driving assistance ECU 10, operation restric-
tions on traveling control are performed based on the
calculation value of the axial misalignment angle. Therefore,
unexpected unnecessary operations can be suppressed in
traveling control, based on the accuracy of the axial mis-
alignment angle at this time.

Difficulty 1n acquiring misalignment information 1s
expected depending on the road environment and the like 1n
which the own vehicle 50 1s traveling. In this regard, it 1s
determined whether or not the present time 1s within the
initial period T1, based on whether the acquisition count of
the misalignment information after startup 1s greater or less
than the predetermined first threshold A. Therefore, the
initial period T1 can be appropriately determined regardless
ol differences 1n the road environment and the like 1n which
the own vehicle 50 1s traveling.

When the axial misalignment angle 1s within the allow-
able range upon elapse of the mnitial period T1, a transition
to the normal mode M2 1n which traveling control 1s not
restricted 1s made. When the axial misalignment angle 1s not
within the allowable range, a transition to the restriction
mode M3 in which the operations of traveling control are
restricted 1s made. Therefore, when detection of the axial
misalignment angle becomes possible, traveling control can
be appropriately performed based on the detection accuracy
regarding the axial misalignment angle and the calculation
value of the axial misalignment angle.

Transition can be performed between the normal mode
M2 and the restricted mode M3 based on whether or not the
axial misalignment angle 1s within the predetermined allow-
able range, 1n the state 1n which detection of the axial
misalignment angle 1s possible after the elapse of the nitial
period T1. Therefore, traveling control can be performed in
a more appropriate control mode, based on the accuracy of
the axial misalignment angle and the calculation value of the
axial misalignment angle at this time.

When the axial misalignment angle 1s determined to not
be within the allowable range upon elapse of the predeter-
mined determination period that 1s longer than the initial
period T1, after startup of the drniving assistance ECU 10,
operation control for traveling control i1s prohibited. There-
fore, when the axial misalignment angle does not become
within the allowable range 1n a state 1n which the detection
accuracy regarding the axial misalignment angle 1s high,
unnecessary traveling control can be prevented from being
performed.

The present mvention 1s not limited to the description
above and may be carried out 1n the following manner.
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In the description above, i the imtial mode or the
restriction mode, the collision avoidance control with
respect to a target detected by only the radar apparatus 21,
of the 1maging apparatus 22 and the radar apparatus 21, may
be prohibited. In this case, the salety apparatuses are oper-
ated only with respect to a target recognized as a target by
both the 1maging apparatus 22 and the radar apparatus 21,
that 1s, a target that has a high likelithood of being present as
an obstacle.

In the description above, the control mode 1s set based on
the acquisition count of the axial misalignment information
after startup. However, the control mode may be set based on
clapsed time after startup or traveling distance after startup.

In the description above, when axial misalignment occurs
in the radar apparatus 21 during traveling of the own vehicle
50, the acqusition count of the axial misalignment infor-
mation may be recounted from the time of occurrence of the
axial misalignment. The occurrence of axial misalignment
during traveling of the own vehicle 50 can be determined
based on a signal from an acceleration sensor (not shown).
In this case, whether or not axial misalignment 1s present can
be more accurately determined, with reference to the time of
occurrence of the axial misalignment during traveling of the
own vehicle 50. In addition, the collision avoidance control
can be more appropriately performed based on the elapsed
time from the time of occurrence of the axial misalignment.

In the description above, the detection accuracy regarding,
the axial misalignment angle of the radar apparatus 21
improves as the period 1n restriction mode becomes longer.
Theretore, the extent of restrictions on the safety apparatuses
1s preferably adjusted based on the period from transition to
the restriction mode.

In the description above, an example 1s described 1n which
the axial misalignment of the radar apparatus 21 1s deter-
mined. In addition, the above-described processes may be
applied to axial misalignment detection regarding various
types of target detection apparatuses that are capable of
detecting a target ahead of the own vehicle 50, and calcu-
lating the distance between the own vehicle and the target
ahead, and a lateral position. For example, the above-
described processes may be applied to the detection of axial
misalignment of the above-described 1imaging apparatus 22.

In the description above, an example 1s given 1 which
unnecessary assistance operations for pre-crash safety as
traveling control are restricted based on the detection angle
and the detection accuracy regarding axial misalignment of
the radar apparatus 21 that serves as the target detection
apparatus. In pre-crash safety, a collision between the own
vehicle 5 and an obstacle 1s avoided. In addition, various
types of traveling control of the own vehicle 50 with respect
to a target ahead of the own vehicle may be restricted based
on the detection angle and the detection accuracy regarding
axial misalignment. For example, traveling control for adap-
tive cruise control may be restricted.

While the present disclosure has been described with
reference to embodiments thereof, it 1s to be understood that
the disclosure 1s not limited to the embodiment and con-
structions. The present disclosure 1s mtended to cover vari-
ous modification examples and modifications within the
range of equivalency. In addition, various combinations and
configurations, and further, other combinations and configu-
rations including more, less, or only a single element thereof
are also within the spirit and scope of the present disclosure.

The mvention claimed 1s:

1. A vehicle control method performed by a vehicle
control apparatus that 1s applied to a vehicle in which a target
detector that detects a target 1n a periphery of an own vehicle
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1s provided, and performs traveling control of the vehicle
based on a detection result of the target detector, the vehicle
control method comprising:
a first control step of performing operation restriction on
traveling control based on a predetermined 1nitial angle
until elapse of an initial period before statistically
processing a history after startup of angle misalignment
information of the target detector to calculate an axial
misalignment angle that 1s an misalignment amount of
an attachment angle of the target detector,
the iitial angle being predetermined as the misalign-
ment amount of the attachment angle of the target
detector during the 1nitial period after the startup,

the angle misalignment information of the target detec-
tor being calculated based on a detection position of
the target by the target detector, and being acquired
at a predetermined cycle;

a second control step of performing the operation restric-
tion on traveling control based on the axial misalign-
ment angle calculated by statistically processing the
history after the startup of the angle misalignment
information of the target detector after the elapse of the
initial period after the startup; and

a first determining step of determining whether or not the
calculated axial misalignment angle 1s within a prede-
termined allowable range, until the elapse of the mitial
period after the startup, wherein:

the first control step determines that a present time 1s
within the initial period 1in response to an acquisition
count after startup of the acquired angle misalignment
information being less than a predetermined {irst
threshold, and performs the operation restriction on
traveling control based on the initial angle;

the second control step determines that the present time 1s
not within the initial period in response to the acqui-
sition count after startup of the acquired angle mis-
alignment information being greater than the {first
threshold, and performs the operation restriction on
traveling control based on the calculated axial mis-
alignment angle; and

the second control step transitions to a normal mode 1n
which the operation restriction on traveling control 1s
not performed in response to the axial misalignment
angle being determined to be within the allowable
range at the first determining step upon elapse of the
initial period, and transitions to a restriction mode 1n
which the operation restriction on traveling control 1s
performed based on the axial misalignment angle in
response to the axial misalignment angle being deter-
mined to not be within the allowable range at the first
determining step.

2. The vehicle control method according to claim 1,

turther comprising:

a second determining step of determining whether or not
the calculated axial misalignment angle 1s within a
predetermined allowable range, after the elapse of the
initial period after the startup, wherein

the second control step transitions to the restriction mode
in response to the axial misalignment angle being
determined to not be within the allowable range at the
second determining step while 1n the normal mode, and
transitions to the normal mode 1n response to the axial
misalignment angle being determined to be within the
allowable range at the second determining step while 1n
the restriction mode.

3. The vehicle control method according to claim 2,

turther comprising:
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a third determining step of determining whether or not the
calculated axial misalignment angle 1s within the allow-
able range 1n response to the acquisition count of the
angle misalignment information reaching a second
threshold that 1s greater than the first threshold, wherein

the second control step prohibits the operation restriction
on traveling control 1 response to the axial misalign-
ment angle being determined to not be within the
allowable range at the third determining step 1n
response to the acquisition count of the angle misalign-
ment mnformation reaching the second threshold.

4. The vehicle control method according to claim 2,

further comprising:

a position mformation correcting step of correcting infor-
mation related to the position of the target detected by
the target detector based on the acquired axial mis-
alignment angle.

5. The vehicle control method according to claim 1,

further comprising:

a position information correcting step of correcting infor-
mation related to the position of the target detected by
the target detector based on the acquired axial mis-
alignment angle.

6. A vehicle control apparatus that 1s applied to a vehicle
in which a target detector that detects a target in a periphery
of an own vehicle 1s provided, and performs traveling
control of the vehicle based on a detection result of the target
detector, the vehicle control apparatus comprising:

a processor, wherein the processor 1s configured to:

acquire, at a predetermined cycle, angle misalignment
information of the target detector that 1s calculated
based on a detection position of the target by the
target detector;

statistically process a history after startup of the angle
misalignment information acquired by the processor
to calculate an axial misalignment angle that i1s a
misalignment amount of an attachment angle of the
target detector;

perform operation restriction on traveling control based
on a predetermined initial angle until elapse of an
imitial period before statistically processing the his-
tory after the startup of the angle misalignment
information to calculate the axial misalignment, the
imitial angle being predetermined as the misalign-
ment amount of the attachment angle of the target
detector during the initial period after the startup;

perform the operation restriction on traveling control
based on the axial misalignment angle calculated by
the processor after the elapse of the initial period
after the startup; and

determine whether or not the axial misalignment angle
calculated by the processor 1s within a predetermined
allowable range, until the elapse of the 1mitial period
aiter the startup, wherein:

the processor 1s further configured to:
determine that a present time 1s within the initial period

in response to an acquisition count after startup of
the angle misalignment information acquired by the
processor being less than a predetermined {irst
threshold, and performs the operation restriction on
traveling control based on the initial angle;
determine that the present time 1s not within the 1nitial
period when the acquisition count after startup of the
angle misalignment information acquired by the pro-
cessor 15 greater than the first threshold, and perform
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the operation restriction on traveling control based
on the axial misalignment angle calculated by the
processor; and
transition to a normal mode 1n which the operation
restriction on traveling control 1s not performed 1n
response to the processor determining that the axial
misalignment angle 1s within the allowable range
upon elapse of the mnitial period, and transition to a
restriction mode in which the operation restriction on
traveling control i1s performed based on the axial
misalignment angle in response to the processor
determiming that the axial misalignment angle 1s not
within the allowable range.
7. The vehicle control apparatus according to claim 6,
wherein:
the processor 1s further configured to determine whether
or not the axial misalignment angle calculated by the
processor 1s within a predetermined allowable range,
alter the elapse of the mitial period after the startup,
wherein
the processor transitions to the restriction mode 1n
response to the processor determining that the axial
misalignment angle 1s not within the allowable range
while 1in the normal mode, and transitions to the normal
mode 1n response to the processor determining that the
axial misalignment angle 1s within the allowable range
while 1n the restriction mode.
8. The vehicle control apparatus according to claim 7,

wherein:
the processor 1s further configured to determine whether
or not the axial misalignment angle calculated by the
processor 1s within the allowable range 1n response to

16
the acquisition count of the angle misalignment infor-
mation reaching a second threshold that 1s greater than
the first threshold, wherein
the processor prohibits the operation restriction on trav-
5 cling control in response to the processor determining
that the axial misalignment angle 1s not within the

allowable range 1n response to the acquisition count of
the angle misalignment information reaching the sec-

ond threshold.
9. The vehicle control apparatus according to claim 8,
wherein:
the processor 1s further configured to correct information
related to the position of the target detected by the
target detector based on the axial misalignment angle

acquired by the processor.
10. The vehicle control method according to claim 3,
further comprising:
a position mformation correcting step of correcting infor-
mation related to the position of the target detected by
the target detector based on the acquired axial mis-

alignment angle.
11. The vehicle control apparatus according to claim 7,
wherein:
the processor 1s further configured to correct information
related to the position of the target detected by the
target detector based on the axial misalignment angle
acquired by the processor.
12. The vehicle control apparatus according to claim 6,
wherein:
the processor 1s further configured to correct information
related to the position of the target detected by the
target detector based on the axial misalignment angle
acquired by the processor.
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